WD 2010/ 002645PCT/ 1JS2009/ 048372 1 THROUGH Sl LI CON VI A BRI DGE

| NTERCONNECT TECHNI CAL FI ELD [0001] Thi s disclosure relates to

i ntegrate i I | © packagi ng, and nore specificall rijdae

i nt erconn(ej\g izgfr?ébb%é{ ween si de-by-side integrated ci rcuif%égsl%z@ﬁ)loﬁgy
substrate package. BACKGROUND [0002]In I,C packaging there is a need
to provide sem conductor dies in a side- by-side configuration within

a package and intercgrag , nple, a
Iegd frgma package. Pmusﬁ’#%@@ﬁﬁ%%ﬁ?ﬁ%%@%ﬁmr di es
are packaged with the active side of each die facing away fromthe
package base. Interconnection betTeE@HANUCAE FIBLIachi eved by wire

bondi ng. However, design rules for assenbly interconnecéion may FF
limted b i si ons-pf 1 wi re dianeter d .wi re~honding capillary
tool, r eqﬁi Edl)dr@?bondi Egls paté%%s’flﬁartelaéers 2t°|15§*§1éa%§n‘8{fﬁﬁ ) pg%cg@g%, nd’ more
suf fi ci ent | ppdcificaipar bridge iacconmotaisehetvren didreysiidnisicgliidcitchies wisher
of interconn ciés is limted by the size of the interconnects. In

addi ti on, |é§i§rﬁ‘ﬁa’a&‘ia§ﬁce inthe die-to-die wire bond may limit
performance of the packaged device. Furthelnore, gold wire is a
conventional choice for wre bondi B CHGROEAS Nng significantly the
net cost of the package. [0004]1In another configuration, flip-chip

sol der bal | ging, t acti.ve device region .of the die is on the
surf ace facm@ﬁ‘ he pa@k‘ge CKegiTR A ‘§ﬁ@§f‘fg’t1€?‘” ?&T‘Cﬂm}éﬁlaﬁ f“l"hs{de“
this confi guyatde@BafigrdtRGATMES bdcRBgIRAThELoRRVBEOR THE 5&Bte dhEBe, S
also limted by contact pad size requirenents. [0005] United States

Patent No. 5*¥DHe.gdsadfirang ppskagsi nt er connecti ng t wo

[0003] In one configuration, semiconductor dies are packaged with the active
side of each die facing away from the package base. Interconnection between dies is
achieved by wire bonding. However, design rules for assembly interconnection may be
limited by dimensions of the wire diameter and wire-bonding capillary teol, requiring
bonding pads that are large enough and spaced sufficiently far apart to accommodate the
dimensions. Thus the number of interconnccts is limited by the size of the
interconnects. In addition, lead inductance in the die-to-die wire bond may limit
performance of the packaged device. Furthermore, gold wire is a conventional choice

for wire bonding, increasing significantly the net cost of the package.

[0004] In another configuration, flip-chip solderball packaging, the active device
region of the die is on the surface facing the package mounting substrate, e.g.,
downward. In this configuration, interconnection density between adjacent dies is also

limited by contact pad size requirements.

[06005] United States Patent No. 5,225,633 discloses interconnecting two
semiconductor dies in a side-by-side configuration using bridge elements. Each bridge
element comprises a rigid silicon die supporting overhanging conducting beam leads.
The bridge is placed in a space between two semiconductor dies, and the extent of
overhang of each beam lead and adjacent positioning are selected to provide proper
mating with bonding pads positioned on each of the semiconductor dies to be

interconnected. However, no method of forming the beam leads or disposing them on



sem conductor dies in a side-by-side configuration using bridge
el ements. Each bridge el enent conprises a rigid silicon die

supportin \ i ng conducting beam | eads. The bridge is placed in
PPace borReElpng 0o ; TerNeREE

a space b sem conductor dies, and the extent of
each beam | ead and adj acent positioning.are selected to provide
proper mating w th bondi ng pads positioned on each of the

sem conduct or dj.es .to be [.ntercopnect ed wever, no, rethod of

Form ng t he BealiRdies B i EHDe MG e N 510 hrseBp e YRrdigus te
di scl osed. Miffiegly,@hd tHedsdbé BEupRe sies BEhkén e RA Mek € RAShMMYreDR gold is a
difficult, and the bridge occupies space between the two dies.

Fur t her mor e Pref&Tgglointgrqoangct meddlethersds ap dBps PRBe mgisra) cost pethe asssmbled
i npact on t@ﬁc terial cost of the assenbl ed package. [0006] There is
a need, therefore, for a packagi ng interconnect system between

adj acent sem conductor dies that sinplifies the assenbly process,
reduces the [8¥§] of i Rhese dohnesds theeefee far 8 pagwaingriafbicerncct system between

i nt erconnect, j i thea ifd ' t '

convent i onal g sarey SR B i oA e Bl MARe! Radioey e copof,
i nt er connec tintorenneSUNMMERY!s] @00#]ables yisteemmadonbtthed: thips mtitr € dinaepitch
two die in si de-by-si.de.confiqutration is disclosed, Athird

sem conduct g}Fandllse C?I}luvﬁrértl?ngHg 1% %ﬁﬁ)ﬁen étﬁcgﬁﬁcejl%%%g'ﬁ Bq &&'@V%Smcg?fﬁéé?ad
t he two di e.intdhenteciiglge di e i ncl udes through silicon vias (TSVs) to
facilitate the interconnection. [0008] An integrated circuit bridge

i nterconnect systemincludes a first LQ*W| ng a first side and a
second side and a second di e having A side and a second side.
These die are provided in a side-by-side configuration. A bridge die
i's di sposed [0007] he fi Askyssérleamdoinctivd td risterodhgecandot bR $ecORMeBySide

The bridge die.interconnects the first. die and, the second die. .
[0009] An i ntERRTEYC? B_@a'i%edpa&%@é AgiSgruethy glﬁc@aﬁw 35 i aNergenrcefion
contai n senpgapstciRhedit@stvddle 2 TR BEHEAEIS itHIKROAGHLM difkdoR HRGTSVS) to
package for receiving sem conductor dies. Afirst die and a second

di e, both hassiliatedheipjeseons¢cenand a second side, are di sposed on the
substrate in a side-by-side configuration. The second sides of the

first and sgempgd di esahagRelh@l S DAl infrBihddCd I AbSROREH dRn
the first sides of the first die and the second dié. The bridge die

i nt er connecthgvinge firstrside atider seaend yide andoosrdonti dic hpoiog 2(irTtédef avd epsarngl
has outlined;fatiere RE QAL YyilOPin FREMEESidR8h AL bridee die is disposed

on the first sides of the first die and the second die. The bridge die interconnects the

first die and the second die.

[0009] An integrated circuit packaging system includes a package to contain
semiconductor dies and a substrate disposed within the package for receiving
semiconductor dies. A first die and a second die, both having a first side and a second
side, are disposed on the substrate in a side-by-side configuration. The second sides of
the first and second dies face the substrate. A bridge die is disposed on the first sides of
the first die and the second die. The bridge dic interconnects the first die and the second
die.

[00010] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention
that follows may be better understood. Additional features and advantages of the

invention will be described hereinafter which form the subject of the claims of the



advant ages of the present invention in order that the detailed
description of the invention that follows nmay be better understood.
Addi ti onal and advant ages of the invention wl descri bed
herelnafté¥5§ﬁ$@ﬁ§? rmthe subject of the clains of thECngwwwgﬁ?Pon.
It should be appreciated by those skilled in the art that the
conception and specific enbodi ment di sclosed nay be readily utilized

b f d d I th t f i
out the: sam St Bosk St B ar SR BY uRe sEneh i e SeriB  sreopdhahe
realized by spdifkeefibddihed discldsbe radt bé hadilp liﬁilhz&ﬂbld Y aa€Btfor modifying or

constructions . do not depart fromthe spirit and scope of the
i nvention a8edEing epestugFsdonFEEMeHt dhasamRs Pu}‘Pféeh@f/ﬂ}P pr@a@tuw@@twn

whi ch are bel digiadish B RarERAARSR bk fn @ B LIRYRAEA RBy: BALASHS'®

its organization and nethod of operation, toget
obj ect s andneidieast dgeshepnirit dnd Sb@netrérthmmd@ﬁlgn @@@Btﬁ‘wrdmnttheeaﬁp@ndedwiamgs

d t
i gures. 1t R sPRARLERNAE Y vERRIFE bo bk Rl AERIRER s s
figures is pr@mzatanh dndmmdtivel gfppaten, adgetiel wsth fathcn bbjacd ankk sbmahfagdsomill

only and is i nt ende inition of the limts f the r esent
Cnvent on.  BRbee: BT OR o p R ReSS Bty S in degheton v
conpl ete un@l@rﬁ:@ﬂ @glgomg&ése m&e@@etexp@yse,nm@mtoddeh&w&@e Qhét&:a&@\ﬁf the
made to the follown ESCFIFtIOHS taken in _conjunction with the

acconpanylnggHFQWﬁﬁﬁﬁqu nfofit %quPSBGEZhﬁF@UﬂEaTj§ﬁ%ﬁﬁ“@h0éWéﬁ%1H&?Ot
Wi reless co t t of the invention
MR G 84 é &’éhn%t}’o% &@%é IE}FM;‘BNﬁli ,%E%J REU%ﬁ%oﬁ]

may be advant ageously enpl oye 00013 ustrates a pl an
view of a TSV bridge interconnect accordlnggﬁo an enbodi rent of the

i nvention. [00014] FI GURE BRIEE RES(BIBREMEOF BB DSV INESss- sect i on

view of an
[00011] For a more complete understanding of the present invention, reference is

now made to the following descriptions taken in conjunction with the accompanying

drawings, in which:

[00012] FIGURE 1 shows an exemplary wireless communication system in

which embodiments of the invention may be advantageously employed.

(00013] FIGURE 2 illustrates a plan view of a TSV bridge interconnect

according to an embodiment of the invention.

[00014] FIGURE 3 1s an exemplary exploded cross-section view of an

embodiment of bridge interconnect between two flip-chip dies.

[00015] FIGURE 4 is an exemplary exploded cross-section view of an

embodiment of bridge interconnect between two wire-bond dies.

[00016] FIGURE 5 is an exemplary exploded cross-section view of an

embodiment of bridge interconnect between a flip-chip die and a wire-bond die.

[00017] FIGURE 6 is an exemplary exploded cross-section view of an

embodiment in which additional dies are stacked on a bridge interconnect.



enbodi nent of bridge interconnect between two flip-chip dies.

[ 00015] FIGURE 4 is an exenpl ary expl oded cross-section view of an
enbodi ment_aof bridge interconnect between two wire-bond dies.

[ 00016] FI d‘.’l&l‘—fﬂ@mg&%n exenpl ary expl oded cross-secti on RATAG2HP04572
enbodi nent of bridge interconnect bet veen a flip-chip die and a
wire-bond die. WO 20101002645PCT/ 1JS2009/ 048372 4 DETAI LED

DESCRI PTI ON [ 00018] Met hods and r | scl osed for
connecting two sem conduct or dlié#msﬁﬁs%ﬁ?ﬁb re placed in a

si de-by-side configuration in a substrate-based package. The

connecti ons [0@)i8be acdreipds sitesriyuressirs @isglos@nioe eodidetligy twodeai@RanR6t

bridge die (typically. sjlico o. make contact with both side-by-side
di es%J The i 5‘?1‘%?%’6‘?‘? e)éplchr?rﬁdggcﬁéemh%@‘dffﬂ’rybi':%nc%‘}ﬁgiuff’élﬁﬂ\ma% sypbstralsrigasst

contact padgagidg€adic ednnebifondings bk Qcéoﬂﬁqli@t%%ﬂfsﬁg%%ﬁ%%ﬁd&tor iR€rconnect
i nt er connect brlgge die. Interconnect l'ines On the interconnect

bri dge di e FELs sisrétpicallic sHisper & toke cenmtpst tWithn dotbesidebyrsidhediehr olih
silicon was. - i, T

conmmuni cat i 5%%8%%%%%@8@%%\%&%@%%ﬂgﬁgﬁg? %’e%?%ﬁné(l)gg C@Ltgc% i%ﬁc\ilse%l} ?aglr} Orfrgif
be advant agetsdb yhenpriosiye sirfase of pher posesnedt bridge dier ahteoropnéet GuREod the

h hree .r enpt its 120 130, and 150 and two b tations 140.
Tt w1 | o REBEesL R e A oiapo i Pamatie e rRr R b Sy SR Reov,

have many nwileotieiant e units and base stations. Renote units 120, 130,
and 150 include through silicon via (TSV) bridge interconnect

mul ti-chip es 1 5B and 125C. which is an enbodi ment ,
the inventi Eﬁ[ﬁﬁgfjdl scﬁ@ﬁ&éﬁﬁf’}*{é@ Bé?wryljl"’f{[% c?m%%t_‘?rb?m%q ik
si gnal s 180 vfliieart dishoansart st @b ihﬁﬂéﬁti&ﬂ@aﬁb@ad\fﬁﬂtaé&m&%mﬁé!’&tyéé lic%q}uiﬁsg&
and 150 and reverse link signals 190 fromthe renote units 120, 130,

and 150 to Badesgetan SHEUREO shoysobor empleaur 120, Fimynd 1ofiand 1o bpse
shown as a nRRbAL14E! BRAANR. reb SRS that typical wireless communication systems may

have many more remote units and base stations. Remote units 120, 130, and 150
include through silicon via (TSV) bridge interconnect multi-chip packages 1254, 125B
and 125C, which is an embodiment of the invention as discussed further below.
FIGURE 1 shows forward link signals 180 from the base stations 140 and the remote
units 120, 130, and 150 and reverse link signals 190 from the remote units 120, 130, and
150 to base stations 140.

(00020} In FIGURE 1, remote unit 120 is shown as a mobile telephone, remote
unit 130 is shown as a portable computer, and remote unit 150 is shown as a fixed
location remote unit in a wireless local loop system. For example, the remote units may
be cell phones, hand-held personal communication systems (PCS) units, portable data
units such as personal data assistants, or fixed location data units such as meter reading
equipment. Although FIGURE 1 illustrates remote units according to the teachings of
the invention, the invention is not limited to these exemplary illustrated units. The
invention may be suitably employed in any device which includes a multi-chip package

having chips in a side-by-side configuration.

[00021] FIGURE 2 illustrates a plan view of a TSV bridge interconnect
configuration 200 according to an embodiment of the invention. Configuration 200

includes a substrate 210, which may be, for example, an organic or ceramic substrate



unit 130 is shown as a portable conputer, and renpote unit 150 is
shown as a fixed location renote unit in a wireless |ocal |oop

system F e, the renpte units nay be cell phones, hand-h
per sonal %ﬂﬁﬁﬁf@?ﬁ? on systens (PCS) units, portable d&’?glq?ﬁ'?[’f”gmﬂ?ch
as personal data assistants, or fixed | Qcation data units such as

met er readi ng equipnent Although Fl GU 1 iIIustrates renDte units
accordi ng to.tgg tea f t he |nven Lg ﬂnve |s nq%
limted to PHBEE CBRY y Tijo, s 0 WiHeT Gach Ffehas gide,

sui tably emplagyedldcsd a:mwecéewm% 201 G &xeedpude Shatriidnt ief&h Fgme@aﬁz
having chips in a sjde-by-side conflguratlon [ 00021] FI GU

i |l ustrates Woéjhe %?%Wd&30&re®9“ﬁrﬂ g 10 weide-buniide confemittiogu Queiserace
200 accordi pg tﬁeodlésn2m2m5¥]9$nnteaeto'tﬁ'é’@tms{r&@ 21§Ozmd' SHhALN {6 &QQage

i ncludes a substrate 210, whicC , for exanple, an org nlc or
ceram ¢ subddadate 5 printed CIrCUIt board. Two or nore die, where
each die has a first and a second side, nay be placed on the

substrate 216ho é%r exgnp EXntEIIc%nHr%E{ &L i,3p ’ha{rﬁ%edbﬁljs{"& L9 séb& letalg'te

two die 220 an 30 are s own placed 1n a si -si de con ura I on.
One surface p@ftlatlzh evatlaps a@d Blectrical B3@nmaynicaoasnveitt tktc—:ahetshﬁ(}smb SZBI)atlémﬂﬂg@

avi ng a 1 Puroh i ITEERR AT EaL v RE R cp (P, R G ot
el ectricall yaomgmnﬂ R datage Wftthe blidpetihREcodnddt aied?4836 theﬂ&h%l@nl?c@tt}i bic g2
vias (TSVs) 2 g §I%¥fqhglth condrctlvg netaé gnn ct the first side
(shown faci rqbes at it 235 JdnisErgaRech ingsyd 2 iomithy Erst sifeplobn hedge igieeopngst di

the active ohg githichipRR: B eotliesond 28rRAl 423020 LM 81 Ofu}t%ﬁﬁfelkﬁtmﬁécﬁ%@
on the first side of the bridge interconnect die 240 then conple

t he connectﬁﬂﬂ§MW§$mé€W“dﬂésSmﬂd*aﬁdwﬂgﬁ ofghe dligsf @2k nnd f230c changal the
| t t
appl i cat | On?ﬂter\@&ﬁ{e@t ﬁIQ?Q | ngfgb %Q%Uﬁlg%élg ri]e?—rocﬁfted 4918 tg% ??\;g%ﬂ) %ﬂ)q?tggggn d

change, the |nterconnect e appropri re-rou
t he TSVs 270hangt ocpitosmndsiys enddhlamggon nt {hhetafmasislcad df habedsmgt | on at
the wafer scale | evel of processing. [00023]FurthernDre while the

I nter Connecg d b?ﬁ S 27&%?{1‘1&" '\Ql(ﬁleptﬁé rXerco Qéatsisn'e:y %%%P?r}%}:dﬂy be passive

i nt erconnec SO be nor recated cir

interConneCHEMlﬂumhmasdsﬂh@damﬁﬂambﬂpﬂﬁﬂﬁhﬁﬂﬁﬁe@cumﬂﬁﬁh&ﬁ@ﬁﬁedssud}%
capa0|tors and |nductors%ﬁ82nd active devices § E tran i stors,

| ogi c, menofPPeIaRee SOmDRNPH (bt Frotobh SRRESTRSFITE REUGOrS) H‘é facHEg déyiers

of the br | dgies. | thingiseeN R, ndhRr 4. )camﬂoﬂglh Heleshawe it FRIGRE aCthe Bt side
circuitry, unrelated to the interconnect functionality. [00024] The

i nt er connec! therfsiles terganest digi2A gr mpluds adhigonsljagee sirruirs ynistatad to

di e 240 may gRentrokd: ahddgMaf er level, including formation of the
nmetal filled holes TSVs 270 uSing conventional seni conductor and

metal i zation Brocesses after which the wafer may then be separated
into indivi P2P4bri dgkhd inteegontivhbees 22 asd/onoreuftpoopis bridusREtegonaechdic

exenpl ary exm) adetheCHonsa $eHe WieViebd, Hehfhg formation of the metal filled holes
TSVs 270 using conventional semiconductor and metallization processes, after which

the wafer may then be separated into individual bridge interconnect dies 240.

[00025] FIGURE 3 is an exemplary exploded cross-section view of an
embodiment of a configuration 300 of a bridge interconnect between two flip-chip dies.
The active circuitry of the flip-chip die 320 and die 330 is on the second sides, facing
the substrate 210, Dies 320 and 330 may attach to the substrate 210 by, for example,

solder-ball bonding, or equivalent methods used in packaging integrated circuits.



enbodi ment of a configuration 300 of a bridge interconnect between
two flip-chip dies. The active circuitry of the flip-chip die 320 and
die 330 i 82 %@E S cond sides, facing the substrate 210, Dies 320
and 330 mas?/’ P28 0 the substrate 210 by, for exanpl SCTAGPY0I |
bondi ng, or equival ent nethods used in packaging integrated circuits.
WD 2010/ 002645PCT/ US2009/ 048372 6 [ 00026] Through silicon vias (TSVs)
373 are for rough t he t.hi cknes f e di.es 0 and, 330.to

provi de for Tﬁ@?éﬂ ici W&&E%HW@C‘W%@S&){ %@eaﬁe% e&ﬁi‘%‘lghstp%lg'gk(‘%me
faci ng up i ”idsBEVRE 2)0 andotile forGidialRe Gitdr€dtink&tion Bt dRR HREBONGdEI(HR%n
of dies 320 and 330. 0002§%Contact_pads 371 on the second side of
the bridge ik wdHNEGURE &) 20 theretive airguitry on dhegiesonst sidescofciiess32fpamd
and 330 are3ahigned, and may be bonded using nethods such as, for
exanpl e, solder-ball bonding, and conductive paste. The contact pads

371 formed on the dies 320, 330 and 240 enabl e conductive contact
bet ween t he [ EspontpHact Pais32iren Bceand, sideorfshe bddge iptercoppest dist34Pe

circuitry og,ghe ﬁts?i%i 2Qrand 433328784 ﬁc%gga?iﬁhv\%dgra%@?ﬁa?%@ﬂoﬁ&%dtﬂﬁxg

first side of the ge I nterconnect die
i nt er connecmathrodbetchemsn foregample soddecbalt bondiyg, iasd comjobétegohstasiihg contact

i nterconnect_ i S, 272 nt act.,.-pa 37 e own,i nterconnectin
the active glaéscui tt;°§/m %{in%flcﬁﬁeﬁ%so?i%esﬁ}o%rf(f%ﬁTtﬁfiGﬁfﬂoaﬁ?ﬁor&aqtz’etg’ﬁegth‘:
exenpl ary exphregestiiog 0S¥s 32¢ bhdB7N | Ewseducaily ¢ Headtiv@bitcuitty an the dies 320
configuration

of _.a bridge interconnect hetyween two.wre bond dies
320 and 430 RS0 6% SGITHY SPRISACE Tt BobaGE by oL En BEEEIICR 15 e
same as the viietd8e itEreSHme OMiNCdweinane 48ive ROt s EddpBlEd Jsind Mlrebriect
the bridge interconnect die 240 of FIGURE 4 may have the sahe

f eat ures andingy P&hderndast pads FBVvarpsowncinirennnedsiag tha aativel piraitommb dte
lines 272 a@gld&p%hg)_nal |y, inpedance el enents and/or active devices,

al so placed on the first side of the bridge interconnect die 240 of

FI GURE 3. [00022} Sem conductor wire bond dies 420 and 430 both have a
first side &W28] secondGdiRde,4 vihetre extraplenc snplodiddsgosehedtine diees ofl 20
and 430 fac t .10 , trate 21 W r e bondi .
connects cotraogmiherd hRFRERPuY?a BHIEE PRl oRR e BB B s
cont act padg2®énnd Ha0.s dhs thridge i1I2di6onndst dia 28D endyl bepsubbtapiadionhé gamats e
300 of FIGURE,3,.all three djes 42Q, 40 .have, cont.act pads ..
371 at corr?gﬂ%%ﬁ’?%ﬁm%%éﬁ g@s%&“éﬂi@éﬁﬂeﬁ%%é@? 2%} edflteﬁqoﬁ’&‘?ﬁ fliey
of the di es24Q0f EMGURB0 by Qakghthé BandfdafB® dndtLheennacbf 95es 246).contact
[ 00030] Active circuitry on the dies 420 and 430 are | ocated on the

first surfa®adsP’le miercgpnssl lingnyg 74 raMmophenalyp snpedercealomenty gnd/or active

confi gurati gpyi4Q0 , ] Chit fobdi: LEM 1S : i { de,
Che i ncl usi on ot TV o Y B gyl S P o

4, may be optiognally included, or may not be required.
[00029] Semiconductor wire bond dies 420 and 430 both have a first side and a

second side, where the second sides of the dies 420 and 430 face and are attached to the
substrate 210. Wire bonding connects contact pads on the first sides of the dies 420 and
430 to contact pads on the substrate 210. As in the flip-chip configuration 300 of
FIGURE 3, all three dies 420, 430 and 240 have contact pads 371 at corresponding
locations to enable interconnection of circuitry of the dies 420 and 430 through the

bridge interconnect die 240.

[00030] Active circuitry on the dies 420 and 430 are located on the first surface
(i.e., facing away from the substrate 210). In configuration 400, because the active
circuitry is on the first side, the inclusion of TSVs 373 in the dies 420 and 430, as
shown in FIGURE 4, may be optionally included, or may not be required.



7 [00031]FIGURE 5 is an exenplary expl oded cross-section view of an
enbodi ment of a configuration 500 of a bridge interconnect betmeen
the flip-¢hi Ie, 220 and the wire-bond die 430. Appropr
conpensatﬁghgwgé&%ggnade for relative differences in di ETth?P%ﬁggg
bal | -bond height, etc., to position the,first sides of both dies 320
and 430 at the sane height Consi derati on of appropriate interfaces

bet ween fli p, br W re-bond dies are the sane as.

descri bed \/v,:r)qﬂrcqEJ ]ef er eﬁw 1g—l ISUMESSTRIY 4SxPiaged eGRipcaton yiew of an
flip-chip degbSfReRas ednfigeratibn SO0 bf ¥ beltiSPRSREbrABCt tHaRvRR eNHipSdhdLdic
(i.e., faci ngethe substrate 2102) and may require a plurality of TSVs
373 connect &0 #% tgnviEchordadis 43 1Acmrctpﬁétefqorr§3@n§n%% begBd e| fppedative

connect i ons gfrRrdnB& iRkiAERIAAE, %ﬁ%ﬁ@ﬁ& o &cszgposfﬁ*aﬁt | it f itk leS
430, on the ot her hand, has active cir urtry spose on t Irst

side (i. 31(&@1141‘4;130&%/&@6 famgrheighe rvsideratien ofl@propamats Imyfamt’oeimeqm flipe
the TSVs 37§l‘npbe ?9?‘&} WETQ%{)&P?%%%% ﬁ%‘l&%@ﬁ%&?&%&f&%& itt(()a Fm§3

circuitry may cien I'STan ‘exe

Ccross-sect i om %i &or efangiie, el Agh-chin iiedf20ehas actviegivcaitiyotis oS damth‘ehb&dmd
at | east one or. addi tjonal . dies, 640 (where, roil trative

pur poses, oS (Ioe”rrg[r “Hhe {’T(%’éa% 2}115 5‘d qpe TSUgE I?éﬁ“rﬂﬁtytcﬁi Sﬁ 3é°nne°‘fed
i nterconnecto @Bn&cﬁ‘f}@ds Tﬁlearﬂtﬂé If'frdt @i"di@'to eicRitfid QorYtidnl &d thd@ridge interconnect
functionality, material tech or other basis for formng the die

640 separ at 81%?4Pr i Btikrong id@s43§2@i‘ thg 9tneg Baitdahafi 455 vaeirquitey ¢israsedeen the
The i nt er coppecie Brd d9gng h@ayzﬂtgm(tﬁ@bdb@ﬂtygfoc)c%ﬂfﬁ@ nhggalé%ﬁ? P8yt B8,

first side to interface Wth correspondi ng contact aci ng
opposi t e anhstead.dheebnénst pide 3d] eord4ged Mithe alitioe Slmntmylajr hclsttfﬂelefﬁSVs 674
connected to contact pads 371 on both sides of the die 640 to provide

i nt erconnec bet [h{ﬁ i

mterconnecidd@gn]es \g%@a R ﬁncgﬂ@gﬁi°@iﬁ%§‘f°t“?*§‘%ﬁ°@ﬁ%é’8‘%%i ate
of the die Gdiﬂ'lguEl%anrrﬂO@smothctin@tt icastadrict gr oford hdditoml GUG b4 [(wblee, for
menory, del ifiers St ackin f,addi tignal dies
50 over -t ntesiER obinefEsy oy B e (PR s oA SretecBeh St ttuBlS e ibenet
to functiondleiz4p, [mackagiiogl at&d64ﬂ hey ndﬁﬁileraeﬂm&idnaﬁﬁyl Mﬁfértal\/%erﬁﬁidg@'dr

bonding is e | oye |nte on (vertically. stacked)
adj acent di Bt g?r peing Q:‘iePg‘Gie Yr@orﬁﬁﬁt’eb@e%hzoef"%%@n&tlhég pGtivet

or the seco Bgméia's d Q‘h@ﬂnt&r@@hrfébteor@iﬁg diel 033 e rc@ﬁ'tﬁct?ﬂ&@ﬁla&?ﬁe R sRE

derived fromthe enbodi nents described. Using
i nt er connecto Bicalgeswihyonrsperding eomtastipdds 3 bﬁimrigt fgppatltev@atﬂéfrca?dainehe die

using seni cgiJ@Uﬁte%e Qi@ﬁgfﬁﬁﬁlde t@t@%&r ZathbQy totloﬁia&ept%g%ﬁy%&eotﬁﬁdés*t%

order of a few mcrons or ne w dths su
advanci ng t gehdiel6dgto modtad: sutorasctt FetweddOhe interconnect bridge die 240 and

ol d. Conpal SHCTRCGRE" v F P BRI G BT HERHS <o U af aleeed e firid A7
materi al sagkangsedyfub&ioneidlyicf et die 640 include memory, delay, amplifiers, logic, etc.
Stacking of additional dies 640 over the interconnect bridge die 240 may be considered,
according to functionality, packaging and other desired objectives. Where ball bonding
is employed to interconnect pads on (vertically stacked) adjacent die, the disposition of

circuitry may be on either the first or the second side of the die 640.

[00033] Numerous advantages may be derived from the embodiments described.
Using a bridge die, the interconnect traces may be fabricated in quantity at wafer scale
using semiconductor processes. Metallization thickness may be on the order of a few

microns or less, with line widths suitable to advancing technology nodes such as 45 nm



[ 00034] Additionally, wire bonding requires a m ni num spaci ng between
adj acent contact pads on a substrate, for reasons due, at least in

part, tot i of the capillary tip used in wire bonding. In
contrast, \gsfﬁig@%?(’f‘ﬁe pitch of the interconnect traces P&H”%ﬁ@”ﬂﬁ3yge

die is possible, making dense inter conngct's possi bl e. Furt hernore,
with wire bonding, each bond is acconplished individually, whereas
with a bridge,interconnect, | tipl.e bonds.are acconpli shed with one
ohi b ovel - 3rd s STEORAER s I ohlcP it 880 3 Riar 6 AR R Rineite St erey
reflow. [ 00Q3&sates, tsOBstamRE Ematehd sevidgsshalebdiyalede mul ti-chip
configuration has been previously designed for wire bonding, a bridge

wni 1o naki g2 084 of cARGEPHYTcOTh AT is KB i gan TR BT RB Lok
repl acenent afiEentichRadd@Rd BE alGBHUHGRS fdrBasORRR! at0fasR8SHRDLY thS sBRDF the
fromnmultiple separate wire bond steps to a single die placenment.

[ 00036] Sti | capillpyHey wisd i Wik koraigdi lgeomirpitcavey finpvpitoaied the linerponnget
the arc of ny - t : J - Lt iLon. 0L mum
Fequi rod i Staen e PRARSRDis MR R RANE i oAb bORHIE FreRhdR
may degr ade witr fvor iendieg, espewindl ik yactamplishddl spleadhatigyivbasaswivher bridge
i nductive inpedance,. increases Wth frequency. .Electro netic

adi ati on { PORCONESH BTG e A dRCTISHS? il HETE Rl bemen e
chi ps w t hi bohdigg pRthsagaich W, 6 cxafapicdgslddireflow.he dies to be connected
may be placed cl ose together, reducing radiation and increasing

package utili jon efficiency. The brjdge.die .be made quite
small, wth [Q@gﬂes pon{:j'i‘rﬂtfwofh(‘ﬂvr}l?‘@rdibf‘f{egg'é% %55‘5@ éﬂ? h@gﬁﬁ'&ﬁt?%h?ﬁb%@
required wi EFSV\ML{SQ banged hPOBZE bondiet, 4 WiidierinReoamicBdfay Se tRBeficially

efficient abiljty to include in a single package two or nore
i ntegrat ed &PPEERREd o 5apl4ce gvire Rondimes ethaa mmakiteehse A1 SXisHRS cenfact PRdis A

or technol ogy; l t " ¥
BYidROHEScInRe® P%-J &b&@?t_f&ewlré YSHRB e CSL theRRRHEF SRR&Sb Iy Stprs,

af forded by the custom zed benefits of each chi This en

| evel funct ifomamiitiple sapasate wing| bong sfehetge.single JiopBEINdMkNY of the sane
advant ages apply when flip-chip bonding is used to package integrated
circuit die i mpl e i - fab i Rs-GRiR, di fibne: pif ¢

nt or connect Btk ceonrnropks e BrdaRy by o o LASIAHE 6 of he
[ 00040] Al t heughbathesnpmestEmtlingmadn it edditdendtol 4 suiEdwantcgyies! tiamecebtween
described i %OI(;(%Itlaiell . 'At asrgé)ﬂl‘%rebgdqunerstao thatw\jari ous chaqg}es b
subst i t ut i onSARGPHI & SNV SR Y (SR —I P HARATE FRYAPiRgie
fromthe spigpdeti Rndesebpe inductihe impadenici ioreass dethi fiededty. tHlectapREACRA
clains. For exanple, although read . operation has been used in the
di scussi on, ' lat{gg f@%%i%ﬂﬁ*@%‘@ﬁ’&t“ﬁ?ﬁga ]H\ng?ﬁegﬁiséﬁﬂ%(F o3 ﬂéFp‘i:WIPSg‘glﬂil’é)the
write operaphéage. MPHILRBKge HRE IRCARE tObe Ecﬁ}ﬁle&é@%ﬁ?tbea;ﬂﬁ’éeh%%sb%gét&r,
not intended to be |imted to the particular enbodinents of the
process, naéMuRBE refioned incecasias mpeRe Mfraben ehficicesy, Thedmislse distrrodys
and steps dgaai e bl NAEPREGLHLEAAIP ol ifAAMRLS: pMICHRRSIRY des
a conmmon termof art referring t0 vias' in silicon dies, Vvias nay be
formed i n otdwearedrevitbwizll®pdand i n particul ar other seni conductor dies
such as GaAs, SiC, GN, or other suitable materials. The term TSV may
be applied w ppl i i C terlal S one. of ordina
ok TPP oL dbdzpop) | ¢ éé???@@%%%?%g ORI il S LO% Rl B SR
present i nveatkagntwpoomessiesgrangc hirnes tharaapiraclifirent reaeqabs iptdcesssflonfs

matter, nmeans, thods, .or steps, presently existi or |ater b

Govel oped & ARCTBYPEY Hodfhis sRimize e el JEves mettiwmngs 2ereg y the
subst anti al kystérhes BBRHLEUEdch abiph NEhiE @hAIRSPINEKHr NGyee TRREALIBRS §1 a single
described herein may be utilized according to the present invention.

Accor di ngl yP24438%-appended clai ms are intended to include within their
scope such processes, nmachi nes, manufacture, conpositions of matter,

[00038] A still further advantage is the ability to include functionality on the

bridge die, which cannot be enabled by wire bonding alone.



10 CLAIM5 1. An integrated circuit bridge interconnect system
conprising: a first die having a first side and a second si de;

a second (j i a first side and a second side, provided in. a
side-by-sﬁ&@z%@ﬂ¥#§%ration with the first die; and $8TQSHPW&6§”

die, having a first side and a second siyde, disposed at | east
partially on the first sides of the first die and the second die, the

bridge die i cal interconnecting the first die and the .secaond
i e he br DRV o b T Bier e *Grisihst S Wih T Euih iondg s S5 o
side of thephkaggniehr@ed Qirtliediss C Bydingildhenthg tISe s Higechd ies, LR pitch
bridge die through vias being filled with netallizations to connect
conduct i ve FIFTEQABSHS PHECINPRY Ok vHR TQiting pRechARY §8 SibEdt 0 enabl e t he
interconnecting. 2. The systemof claim1, in which the bridge die

further conmpgioges act AMkough fifelirbdett BRerkibR ahd fSdvantdess havd bebRBekWEEM
of claim1, in_which one or nore contact pads on the second side of

the bridge df@ildbrhontdbedmdgisiond o uininys shunces. saptiditiopntacltepaiges en be
the first sigasnObilHendut H?ﬁa{tﬁ%‘%{?&wgﬂ'aﬁé 'scoiﬁ 0;};% AYeHtiSAa0 bR

1, in which at least one o seco ies conprise: a
flip-chip dite fpended ddimeui Roryexainpiposiébugin atfeed opaatiah isdegen awetl in the

flip-chipt vi,as fromthe first. side of the flip-chip die to
the second §#§§§5P=Fh§ ?‘?%ygﬂﬁgmd%%fnpﬁgm?l$%@P i 1Fﬁﬁ8dﬁﬁwvw§§ﬁmn&
bei ng fil | etMostdvier, ¢ atdpezaft thonsesent gpiitanh @aibt netergied Goliter ymde thehe
second side of, the f%i -chip q%e to one %r nDrefcontacawfads oq t he
First side BRUEWE FTposiiRepty Dl progess. Fashings PRRpAFiE) THORO PhiR(ER
at | east onenc@hs, ileeholit st st@Rdiciepenth db @%ecﬁﬁ:’%’éﬂ. SISt Rhrhfle] Whdfeas TSV is
di sposed on the first side of the die. 6. The systemof claim]l,
further conpriogingy: term of art referring to vias in silicon dies, vias may be formed in other
materials, and in particular other semiconductor dies such as GaAs, SiC, GaN, or other
suitable materials. The term TSV may be applied with application to any such
materials. As one of ordinary skill in the art will readily appreciate from the disclosure
of the present invention, processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be developed that perform
substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present
mvention. Accordingly, the appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of matter, means, methods, or

steps.



11 one or nore contact pads on the first and the second die. 7. The
system of claim®6, wherein the bridge die further conprises:

one or nore contact pads on the second side of the bridge die
corresponding to the bridge die through vias and opposite to and
corresponding to the one or nore cont&@t pads on the first and/or
second die first sides. 8 The systemof claim?7, further conprising:
at |l east one additional die stacked on_the bridge die, the at |east
one additional die further conprisiQﬁf* sive, active and/or
interconnect circuitry. 9. The systemof claim1, wherein the bridge
die is fabricated using a process flowthat is different froma
process fl-ow durintagpserdiireg!tbodghiater¢angect ayri¢rorcontpeismgcond dies.  10.
An integrated r|S|ng a package to
contain senlcoﬁ&ué#éﬁmﬁﬁgéﬁgkgge%%féggé sposed wi thin the package
for receiving asesincaiie hetiog a direside and a secand bids tprekigediavisig-13-didd St
side and a second sid ﬁMhééeln the first die is disposed on the
subst r at R @ﬂa?ﬂkwg%gﬁ psteligand acing the substrate; a second

die having a fitiffze 8icdRavaia ArsB HOONM SicHondNiQY ifdpskeli Bt Rast e
conflguratlonzhfﬁ%etﬁe first ﬁle mhergln tﬁe segoﬁd hl% ?gﬁa?%%%g%

on the substsidssef tiethstidiranddbosrgond de thebiidgs ditrelegftipalbyrinteeoneanting
a bridoe (g fr BRYhAtheAeLdriRH éﬁ;e%% Dflicth a§ﬁg%ﬁgﬁ§&g?ﬂm SHE o |

bridge die Is pose TSt es 0

first di eﬁra!mﬁetdfeheslaﬁigndminehe ieb@lcﬂmdaig'ehejlnrﬁigemiﬁeeﬂ(&dﬁﬂﬂl@éﬂieﬁﬂoﬁﬁlﬁwas
first di . die, the brid I e.conprisin ri dge die

t hr ough H‘sg lt Hﬁ‘(lf et? 1F§tf°“§|t‘ﬂ‘é°n8?°ttcﬂlgf Y%b‘?st‘]’lﬂéhet%‘ ?q ‘ge%fé%%ﬁ’féd%"l de
of the brdla@amdble;het;h@rd@hh@gﬁgdl e through vias being filled with
metal lization to connect conductive lines on the first side of the

bridge die to enable the interconnecting.
2. The system of claim 1, in which the bridge die further comprises active circuitry

on the first side.

3. The system of claim 1, in which one or more contact pads on the second side of
the bridge die contact a corresponding one or more contact pads on the first sides of the

first and second dies.

4. The system of claim 1, in which at least one of the first and second dies comprise:
a flip-chip die having circuitry disposed on the second side; and
flip-chip through vias from the first side of the flip-chip die to the second side of
the flip-chip die, the flip-chip through vias being filled with metallizations to connect
active circuitry on the second side of the flip-chip die to one or more contact pads on the

first side of the flip-chip die.

5. The system of claim 1, in which at least one of the first and second dies comprises

circuitry disposed on the first side of the die.

6. The system of claim 1, further comprising:



11. The packagi ng systemof claim 10, in which the bridge die further
conprises active circuitry on the first side. 12 12. The packagi ng
system of claim 10, in which one or nore contact pads on the second
side of the bridge die contact a corresponding one or nore contact
pads on the first sides of the first &hd second dies. 13. The
packagi ng systemof claim 10, in which at |east one of the flést andd
second di es conpri se: flip-chip die having circuitry dispose
on the second OE‘FBEWOW@P@FW%%”FIW%SWFSW scelifed to the substrate
by bal | bonding, solder bunp bonding or conductive paste; flip-chip
through vias fromthe first side to the second side of the flip-chip
die; and 7 Thgeystem gf elainp 64 whaseig hhatiridge disi faghérichinpdsasi t h

metal | ization .car | ve line t.he, second si de. t
one or nore cg)ﬁl% glc%lg%}g@ag £ atrag gt hllersg Srg 4t o he piide? ﬁ}epc-ogﬁ?pﬁngli“@%’ fig,.
The packdgidgg dytsioegh oitis eldoppodi@; toiand ehrigporaiing ©alsd or@e nfre tdifacki I St
and second .die.c rise cir@#&try dj sposed on the first side of the
di e. 15.I$H%O$Q@Eggﬁﬂ oLSRePRiG AT PWEt 10, further conprising: the
first and the second die each having a one or nore contact pads.
8. The system of claim 7, further comprising:
at least one additional die stacked on the bridge die, the at least one additional die

further comprising passive, active and/or interconnect circuitry.

9. The system of claim 1, wherein the bridge die is fabricated using a process flow

that is different from a process flow corresponding to the first and/or the second dies.

10.  Anintegrated circuit packaging system comprising:

a package to contain semiconductor dies;

a substrate disposed within the package for receiving semiconductor dies;

a first die having a first side and a second side, wherein the first die is disposed on
the substrate with the second side facing the substrate;

a second die having a first side and a second side provided in a side-by-side
configuration with the first die, wherein the second die is disposed on the substrate with
the second side facing the substrate; and

a bridge die, having a first side and a second side, wherein the bridge die is
disposed at least partially on the first sides of the first die and the second die, the bridge
die interconnecting the first die and the second die, the bridge die comprising bridge die
through vias from the first side of the bridge die to the second side of the bridge die, the
bridge die through vias being filled with metallization to connect conductive lines on the

first side of the bridge die to enable the interconnecting.

11.  The packaging system of claim 10, in which the bridge die further comprises

active circuitry on the first side.



[ [ [ [ di e further
16. The packagi ng system of claim15, wherein the bridge
conprisegz ) one or nore contact pads on the second side of the
bridge die corresponding to the bridge die through vias and opposite
to and corresponding to the one or nore contact pads on the first

[ [ [ [ f claim16
and/or second die first sides. 17. The packaging systemo ,
further conprising: at | east one additional die stacked on the

bridge die, the at |east one additional die further conprising
p;;s?ve, é%Tiv@h%hﬂ*6$ngﬁﬁ@ﬁt@ﬁﬂ@ntubuxwmmhpyeormd@coﬁhﬁqﬁaﬁ&ﬁgbng

f | | ridge die is fabricated using a
o ocess floar Rt o WRRIR e kiR 8 088 pblng Bnd 0 E b aat gt o
t he fir st fihsideroftthefisconrdcdidakes.

13. The packaging system of claim 10, in which at least one of the first and second
dies comprise:

a flip-chip die having circuitry disposed on the second side, wherein the flip-chip
is coupled to the substrate by ball bonding, solder bump bonding or conductive paste;

flip-chip through vias from the first side to the second side of the flip-chip die;
and

the {lip-chip through vias being filled with metallizations to connect conductive

lines on the second side to a one or more contact pads on the first side of the flip-chip die.

4. The packaging system of claim 10, in which at least one of the first and second

die comprise circuitry disposed on the first side of the die.

15. The packaging system of claim 10, further comprising:

the first and the second die each having a one or more contact pads.

16. The packaging system of claim 15, wherein the bridge die further comprises:
one or more contact pads on the second side of the bridge die corresponding to the
bridge die through vias and opposite to and corresponding to the one or more contact

pads on the first and/or second die first sides.

17. The packaging system of claim 16, further comprising:
at least one additional die stacked on the bridge die, the at least one additional die

further comprising passive, active and/or interconnect circuitry.

18. The packaging system of claim 10, wherein the bridge die is fabricated using a
process flow that is different from a process flow corresponding to the first and/or the

second dies.



